Background: Broad dietary patterns have been linked to asthma but the relative contribution of specific nutrients is unclear. Soy genistein has important anti-inflammatory and other biological effects that might be beneficial in asthma. A positive association was previously reported between soy genistein intake and lung function but not with asthma exacerbations.
Introduction
Dietary intake is increasingly recognised as an important risk factor for asthma. 1, 2 Over the past two decades, epidemiological studies in economically advanced countries have revealed a temporal association between an increase in asthma prevalence and decreased consumption of fresh fruits, green vegetables, and other dietary sources of antioxidants. [3] [4] [5] Large cross-sectional studies have also shown that the prevalence of asthma and respiratory symptoms is lower in populations with high intake of foods of plant origin. [6] [7] [8] [9] [10] [11] Despite evidence linking broad dietary patterns to asthma, the relative contributions of specific nutrients is not clear. [12] [13] [14] [15] [16] In casecontrol and cross-sectional studies, high vitamin C intake was associated with a reduced risk of asthma. 6, 16 However, subsequent
The full version of this paper, with online appendix, is available online at www.thepcrj.org longitudinal studies and randomised placebo-controlled trials of vitamin C as a supplement in asthma did not show any effect on clinical asthma control. 6 In longitudinal studies, a high vitamin E intake was associated with low levels of serum IgE levels in adults and reduced asthma incidence. 17, 18 However, 6 weeks of supplementation with vitamin E in a randomised placebo-controlled fashion did not show any clinical benefit. 19 Similarly, longitudinal studies and randomised controlled trials have not shown a clear protective effect from vitamin A and β-carotene despite suggestions of possible benefit in cross-sectional studies. 17, 20, 21 The potential beneficial effects in asthma of several minerals have also been studied. 2, 6 A low selenium intake was initially thought to be associated with asthma and airway hyper-responsiveness, but a randomised placebo-controlled study did not show any benefit on objective markers of disease. 6, 13 It has been suggested that ingestion of nutrients with antiinflammatory effects may modify asthma and diminish the severity. 22 Genistein, a soy isoflavone, is one such nutrient. In animal studies, soy genistein has important biological effects that could lead to reduced inflammation and improved bronchial muscle relaxation. [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] These include non-specific inhibition of tyrosine kinase, 25 attenuation of antigen-induced airway contraction, 27 attenuation of antigeninduced airway inflammation and hyper-responsiveness, 28 inhibition of allergen-induced tissue eosinophilia, 30 and inhibition of tryptaseinduced DNA synthesis. 27 Genistein also induces apoptosis and prevents activation of nuclear factor-kappa B (NF-κB), thus reducing the number of total and CD4+ lymphocytes. 24, 31, 32 These properties indicate that genistein may have a positive effect in asthma. However, there is currently no direct evidence in the literature linking high soy genistein dietary consumption with a decrease in the prevalence of asthma or allergic diseases.
In a cross-sectional analysis of participants with a wide range of asthma severity enrolled in a multicentre clinical trial, the Block food frequency questionnaire, a general food frequency questionnaire, was used to estimate the daily intake of several nutrients including vitamin A, vitamin C, vitamin E, carotenoids, and soy genistein. 22 Of these nutrients, only soy genistein had a significant positive association with lung function as measured by pre-bronchodilator forced expiratory volume in 1 second (FEV 1 ) and percent predicted peak expiratory flow rate (PEF). 22 There was no association between estimated daily intake of any of the nutrients and asthma exacerbations over a 2-week follow-up period. 22 Our objective was to conduct a replication study of the association between soy genistein intake and lung function in a group of patients with poorly controlled asthma. In the previous study, soy genistein intake was assessed using a general food frequency questionnaire. 22 General food frequency questionnaires capture intakes from a typical US ('western') diet and thus are not suited for the measurement of phyto-oestrogen consumption because products rich in phyto-oestrogens such as soy, miso and tofu may not be part of the questionnaire database. To capture the daily intake of soy genistein more accurately, we used a modified Block food frequency questionnaire -the Block Soy Foods Screener -which is better suited for measuring soy genistein intake. 33, 34 Thirdly, in the study by Smith et al., 22 the frequency of exacerbations over a follow-up period of 2 weeks was small and may have lacked adequate power to detect a significant difference. In the current analysis we assessed the relationship between soy genistein intake and asthma control over a longer follow-up period of 6 months.
Methods

Participants
Between October 2004 and May 2008 a total of 412 participants were recruited from 19 clinical centres for the parent clinical trial of esomeprazole in the treatment of poorly controlled asthma in adults. 35 Data from 10 patients in New Orleans were incomplete due to Hurricane Katrina and therefore were not included in the final analysis of the parent clinical trial. Two eligible patients did not complete the Block Soy Foods screener. Also, the Block Soy Foods Screener was introduced midway in the trial when 100 patients had already completed the study so data on dietary genistein were only available for 300 of the 412 participants ( Figure 1 ). Nonetheless, there were no differences between the study participants with soy genistein intake data and those without.
Patients selected for inclusion in the parent study had physiciandiagnosed asthma. The diagnosis of asthma was supported by either a positive methacholine challenge test or documentation of a 12% increase in FEV 1 after use of a bronchodilator in the 2 years prior to enrolment. All participants were aged >18 years and had at least 8 weeks of stable use of an inhaled corticosteroid at a dose equivalent to >400μg fluticasone per day. Participants also had poor asthma control as defined by either a score on the Juniper Asthma Control ) of >1.5 or the occurrence of more than one acute episode of asthma requiring unscheduled medical care in the previous year. Patients who had smoked cigarettes within the previous 6 months or had a history of >10 pack-years of smoking were excluded from the study. In the parent clinical trial, treatment of patients with poorly controlled asthma and no overt symptoms of gastro-oesophageal reflux with proton pump inhibitors did not improve lung function or asthma control, 35 nor was there a positive treatment effect in the 40% of participants with a positive pH probe study. 35 The detailed methods and results for the parent clinical trial have been published elsewhere. 35 
Procedures
Baseline data were collected on demographic characteristics, smoking history, and soy genistein intake. Soy genistein intake was assessed using the Block Soy Foods Screener. Unlike the more general Block food frequency questionnaire, the Block Soy Foods Screener focuses on foods known to be rich in soy genistein such as tofu, soy milk or other soy beverages, soy sauce, boiled green soybeans, roasted soybeans, soy protein powder, miso soup, soy isoflavone tablets or capsules, meat substitutes made from soy, or energy bars made from soy. 33, 34 Completed questionnaires including estimated frequency and amount of different types of soy genisteinrich foods consumed were submitted to Berkeley Nutrition Services (Berkeley, CA) for quantification of daily intake of soy genistein. A previously developed food database detailing the content of genistein and other isoflavones in various food items has been developed and is used for quantification. 33, 34 Based on the type of food consumed, the estimated quantity consumed, and the frequency of consumption, the amount of genistein in micrograms per day was calculated. 35 The estimated daily intake of soy genistein consumption based on the Block Soy Foods Screener has been shown to correlate well with measured urinary levels. 34 Overall, this method is well accepted for assessing daily intake of genistein and other soy isoflavones and is well validated. 34 Asthma symptoms were assessed using the Asthma Symptom Utility Index (ASUI 37 ) and asthma control was assessed using the ACQ. 36 The Mini Asthma Quality of Life Questionnaire (Mini AQLQ 38 ) and the Medical Outcomes Study SF-36 (QOL 39 ) were used to assess the impact of asthma on quality of life. FEV 1 and percent predicted FEV 1 were measured using spirometry in accordance with American Thoracic Society/European Respiratory Society recommendations. 40, 41 To assess asthma control, morning PEF, asthma symptoms, use of rescue medication or systemic corticosteroids, and contacts with a healthcare provider for asthma symptoms were recorded daily on the diary cards by study participants or obtained at each follow-up visit for the duration of the trial.
The primary outcome measure in the parent clinical trial was the occurrence of an episode of poor asthma control (EPAC-1) defined by one or more of the following: (1) a decrease of at least 30% in the morning PEF on two consecutive days compared with the patient's best measure during the run-in period; (2) the addition of systemic corticosteroids to treat asthma symptoms; or (3) an unscheduled contact with a healthcare provider for asthma symptoms. An expanded definition (EPAC-2) included the three components of the primary outcome measure plus an increase in the daily use of bronchodilator rescue medication (>4 puffs from a metered dose inhaler or >2 uses of nebulised bronchodilator) above the average use reported during the run-in period. For counting of individual events and EPACs, once an event was noted there was a 14-day window in which no other events would contribute to the overall count. For example, if a participant had an unscheduled healthcare contact and addition of corticosteroids within 14 days, only the first event was counted as an EPAC event. Our analysis includes EPAC-1, EPAC-2, and individual components of EPACs.
The study protocol and consent statements were approved by the local institutional review board at the clinical centres and at the data coordinating centre. All participants gave informed consent.
Data analyses
Data from 300 participants who completed the dietary questionnaire were included in the analyses. Soy genistein intake among the study participants had a highly skewed distribution. There were many participants taking little or no soy genistein and few consuming very high quantities. Participants were categorised by genistein intake into high (>1500μg/day), moderate (10-1499μg/day), and little or no intake (0-9μg/day) groups. We realise that the range of participants in the moderate intake category is very large and thus a potential source of bias. However, the median intake and the mean intake for that category were similar (about 450μg/day). Also, previous observational studies assessing the effect of soy genistein on cardiovascular and bone health have used similar categories. [42] [43] [44] For the univariate analysis, chi-square (χ 2 ) tests were used for categorical variables and analysis of variance (ANOVA) for continuous variables to test for statistically significant differences by category of genistein intake. When there was an overall difference we examined pairwise comparisons between the different categories of genistein intake. A linear regression model was used to examine the association between the level of genistein intake, asthma questionnaire scores at baseline (JACQ, ASUI, Mini AQLQ), baseline FEV 1, and proportion of patients with at least one EPAC. The adjustment covariates included race, age, gender, body mass index (BMI), and baseline FEV 1. Use of oral corticosteroid in the previous year was not included in the model because there was no difference after univariate analysis. To examine the effect of gender and race on level of genistein intake, a logistic regression analysis was used with baseline FEV 1, BMI, and asthma questionnaire scores as adjustment covariates. In order to evaluate the association between level of genistein intake and rates of EPACs, negative binomial regression models, which account for more withdrawal among participants with frequent exacerbations, were used. 45 
Results
Characteristics of study participants
The mean age of the study participants was 41 years. Overall, a majority of the study participants were female (71%), white (53%), and obese (52%). Secondhand smoke exposure was reported in 18% of the participants and 19% were former smokers. The mean daily genistein intake among study participants was 2,823μg/day and ranged from none to 11.5 x 105 μg/day. Roughly one-third of the Table 1 . Clinical and demographic characteristics of study participants by soy genistein intake participants fell into each genistein intake group with 38% classified as low intake, 37% as moderate, and 25% as high (Table 1) . Those with high intake were more likely to identify themselves as white and to be female. Those with the lowest intake were more likely to identify themselves as African-American and to be obese (Table 1) .
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Genistein intake and asthma
Participants with little or no genistein intake had lower baseline lung function as measured by the pre-bronchodilator FEV 1 and percent predicted pre-bronchodilator FEV 1 than those with moderate or high intake (p=0.01; Table 1 ). There was no significant difference in percent predicted pre-bronchodilator FEV 1 between participants with moderate genistein intake and those with a high intake. There were no significant associations between the level of soy genistein intake and baseline asthma symptoms (ASUI), asthma control (ACQ), and asthma-related quality of life (Mini AQLQ).
The proportion of participants with at least one episode of poor asthma control (EPAC-1) during follow-up was significantly higher in the category with little or no genistein intake (54%) compared with those with moderate genistein intake (35%) or high genistein intake (40%) (p=0.01; Table 2 ). This difference remained significant after adjusting for age, race, gender, BMI, and baseline FEV 1 (p=0.03). Due to the absence of information on socioeconomic status in this post-hoc analysis, we could not adjust for this important potential confounder. There was no significant difference between participants with moderate and high genistein intake with regard to the proportion of participants with an EPAC-1 (p=0.16). The unadjusted annualised rates of EPAC-1 did not differ significantly by category of genistein intake (p=0.15). After adjustment, the annualised rates of EPAC-1 were significantly different among the three groups with the highest rate in the group with low intake (p=0.04; Table 2 ). It was not clear which component of EPAC-1 contributed to the observed difference. The proportion of participants with a fall in PEF of >30% from baseline for two consecutive days did not differ by level of soy genistein intake (p=0.28). A significantly lower proportion of participants with medium soy genistein intake (14%) had a new use of oral corticosteroid for asthma during the 6 months of follow-up compared with those with low genistein intake (27%) and those with high genistein intake (32%) (p=0.01). Similarly, a significantly lower proportion of participants with medium genistein intake EPAC= Episode of poor asthma control during 24-week follow-up period. EPAC-1=Any one of the following: (1) a decrease of at least 30% in the morning peak expiratory flow rate (PEF) on two consecutive days compared with the patient's best measure during the run-in period; (2) addition of systemic corticosteroids to treat asthma symptoms; or (3) an unscheduled contact with a healthcare provider for asthma symptoms. EPAC-2=Any one of the EPAC-1 or an increase in the daily use of bronchodilator rescue medication (>4 puffs from a metered dose inhaler or >2 uses of nebulised bronchodilator) above the average use reported during the run-in period.
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*p value adjusted for age, gender, race, body mass index, and baseline forced expiratory volume in 1 second using negative binomial regression models. Table 2 . Asthma control during follow-up (11%) had at least one unscheduled healthcare contact for asthma during follow-up compared with those with low genistein intake (23%) and those with high genistein intake (21%) (p=0.04). The proportion of participants with at least one EPAC-2 and the annualised rates of EPAC-2 did not differ significantly between the three categories (p=0.19; Table 2 ).
Discussion
Main findings
In a population of poorly controlled asthmatics we confirmed the association, previously seen in patients with a wider spectrum of asthma severity, 22 between soy genistein intake and lung function as measured by pre-bronchodilator FEV 1. We also identified for the first time an association between soy genistein intake and asthma control as measured by the frequency and annualised rates of episodes of poor asthma control (EPACs) over a follow-up period of nearly 6 months. The association between soy genistein intake and lung function was consistent with a threshold effect, with the moderate and high genistein intake groups having better lung function than the low intake group. The difference in pre-bronchodilator FEV 1 between participants with low soy genistein intake and those with moderate and high genistein intake was more than 200ml, which is the equivalent of 6-7 years of age-related lung function decline. 46 For asthma control, the association with soy genistein intake appeared to be 'U'-shaped with fewer episodes of poor asthma control occurring in the group with moderate genistein intake than in those with low and high intakes. The proportion of participants with new use of oral corticosteroids during follow-up was much higher than the reported use in the previous year before enrolment in the study. This difference may be due to the use of diary cards during follow-up to prospectively ascertain the occurrence of events compared with retrospective information collected at baseline. It is unlikely that the intake of genistein changed during the study. Also, the main trial was a negative study and it is unlikely, though possible, that a differential
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Copyright PCRS-UK, reproduction prohibited C Bime et al. xx PRIMARY CARE RESPIRATORY JOURNAL www.thepcrj.org effect of esomeprazole could explain the difference. During the 6-month follow-up period participants with medium genistein intake were significantly less likely to have a new use of oral corticosteroid or an unscheduled contact with a healthcare provider for asthma. Unlike lung function, the positive effect of soy genistein on asthma control was largely limited to those with moderate genistein intake. These findings would suggest an optimal amount of soy genistein intake that is protective in terms of asthma control. It is not clear why the beneficial effects appear to be limited to those with moderate genistein intake, nor are we aware of any mechanisms that explain this finding. During follow-up we noted statistically significant differences in the proportion of patients with new use of corticosteroids and unscheduled healthcare contact for asthma but not in the rates of these events. This is probably due to the low number of events recorded during the follow-up period.
Interpretation of findings in relation to previously published work
We also confirmed previous findings that African-Americans were more likely to consume little or no soy genistein than white participants. 22 It is known that the prevalence of asthma is greater among African-Americans and they are more likely to have poorer control than white subjects. 47 However, the associations between genistein intake and baseline lung function remained significant after adjustment for race. The average American diet contains 1-3mg/day soy genistein. 48 Among our study participants, the mean daily genistein intake was about 2mg and the median intake about 0.75mg. This quantity is low compared with Asian diets which may contain up to 60mg/day soy genistein. 3, [48] [49] [50] [51] It is noteworthy that the prevalence of asthma in Japan is lower than in the USA despite the same level of industrialization. 49, 52 Paradoxically, we found that patients with a moderate intake of soy genistein had better asthma control than those with a high intake. This finding indicates that there may be other unknown factors interacting with or confounding the relationship of soy genistein with asthma control.
Strengths and limitations of this study
Our study has limited generalisability since the majority of our participants were female, white, and obese. Also, a significantly higher proportion of female participants consumed higher amounts of soy genistein than their male counterparts. In fact, the ratio of female to male participants in the high intake group was >5:1. Isoflavones are phyto-oestrogens and therefore may have differential effects based on gender. The differential soy consumption based on gender could therefore impact the results. The possible interaction between gender and obesity is another factor that could influence the findings. The findings of this study cannot be extrapolated to other asthma populations because of the unique characteristics of the study population.
We defined asthma control using EPACs. Even though these definitions have been used in randomised controlled trials, 35 they are not yet the standard for reporting asthma control. However, the individual components used to define an EPAC are similar to those included in the definition of asthma exacerbations by Smith et al. 22 Another limitation of our study is the use of a food frequency questionnaire to estimate soy genistein intake. In general, food frequency questionnaires depend on recall and self-report and are subject to bias and measurement error. However, estimates from the Block Soy Foods Screener have been shown to correlate with blood levels of genistein. 34 Finally, our findings are observational and therefore other unknown confounders are not accounted for.
Conclusions
We have replicated the association between soy genistein intake and lung function in a population of patients with poorly controlled asthma. We have also added to what was previously known by showing that moderate genistein intake is associated with better asthma control. We are not aware of any biological mechanism of soy genistein that explains its limited benefit to the moderate intake group of our study population. It remains to be determined whether dietary supplementation with soy genistein in asthma patients with a low soy genistein intake can improve lung function measures and asthma control.
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